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In this issue of AJP Endocrinology and Metabolism, Andrews and Horvath (1) address the question of uncoupling protein-2 (UCP2)'s involvement in determining lifespan by using both a loss-of-function and a gain-of-function approach. The authors showed a significant reduction in longevity in mice lacking UCP2 compared with wild-type mice with intact UCP2 action. In the gain-of-function model, the longevity of mice carrying the human UCP2 transgene were compared with wild-type controls with no difference being observed. With the caveat of small sample sizes for a longevity study, the authors provide evidence that a lack of UCP2 is deleterious to lifespan.
In order to critically assess the impact of UCP2 on reactive oxygen species (ROS)-induced damage and lethality, the authors used a model of extreme oxidative injury, the manganese superoxide dismutase (SOD2)-deficient mouse, which does not usually live beyond three weeks of age. SOD2 Ϫ/Ϫ mice display rapidly exacerbated mitochondrial injury in metabolically active tissues, resulting from the inability to convert superoxide to the less harmful oxygen and hydrogen peroxide (15) . In this extreme model of oxidative injury the authors demonstrate a protective role for UCP2, with SOD2 knockout mice with intact UCP2 surviving significantly longer than the doubleknockout mice. Additionally the over-expression of UCP2 significantly increased survival in the SOD2 knockout mice. While it is clear from these studies that UCP2 plays a minor role in determining longevity compared with SOD2, the results are indicative of the two mechanisms acting in concert to reduce mitochondrial ROS levels.
Many variables correlate with life expectancy in such a way that they could theoretically be mediators of longevity; however, as yet no definitive surrogate markers predicting duration of life have been found. One of the early observations was that body size correlates very well with life expectancy, with a few notable exceptions. This is paired with the observation that as size decreases metabolic rate increases (12) , leading to theories that life expectancy may be tied to metabolic rate. From this observation came the "free radical" theories of aging (9) , which postulated that increased metabolic rate leads to an increase in the production of ROS by the electron transport chain and that shorter lifespans resulted from increased oxidative damage to DNA, thereby impairing its ability to replicate. Although an attractive theory, there are a number of solidly observed and well reported phenomena for which it does not account. 1) Exercise, while increasing metabolic rate, does not shorten the lifespan of rats (10); 2) in Drosophila, metabolic rates show no correlation with lifespan (13), and in mice increased metabolic rate is associated with increased lifespan (18) ; and 3) exceptionally long-lived naked mole rats have only a modest reduction in metabolic rate, which is unable to solely account for a lifespan roughly 10 times that of a mouse (6) .
It is clear that, while metabolic rate and ROS play some part in aging, there are additional factors that influence lifespan. One theory proposed by Brand (5) is the "uncoupling to survive" theory, which proposes that one mechanism by which an organism can reduce free radical production, especially that of superoxide, is by increased rates of mitochondrial uncoupling. During oxidative phosphorylation, ROS production occurs at two points of the electron transport chain: complexes I and III. ROS generation at complex III is likely dependent on high membrane potential (14) , and one critical way of lowering membrane potential is to allow protons to cross the inner mitochondrial membrane uncoupled from ATP production. Brand notes that a large number of species, of widely divergent body sizes, show a consistent rate of uncoupled respiration in the range of 15-25% of basal metabolic rate and, as this occurs in ectotherms as well as endotherms, is unlikely to be solely a thermogenic mechanism (5).
There is evidence to suggest that higher levels of uncoupling are beneficial when it comes to aging. Outbred MF1 mice with high metabolic rates live longer and have higher rates of mitochondrial proton conductance, a difference mediated, at least in part, by UCP3 (18) . Swiss Webster mice treated with low doses of the uncoupling agent 3,4-dinitrophenol showed increased mean lifespan and metabolic changes similar to those seen in caloric restriction (7), the only intervention that reliably increases lifespan (4).
Although UCP2 has been shown to be an important signaling molecule in a number of situations (2, 17, 20) , a possible role in increasing longevity for UCP2 specifically has only recently gained attention. It has been shown that during ␤-oxidation UCP2 plays an important role in the utilization of fatty acids, a pathway likely to be of importance during caloric restriction (2) . Additionally, UCP2 is induced by ROS (8) , and its expression levels parallel ROS production levels (3), making it an attractive research target for proponents of the uncoupling to survive theory of aging.
The elegant and striking data from mouse mutants with gain or loss of UCP2 function presented by Andrews and Horvath in their current paper outline a distinct role for UCP2 in longevity; however, there are some recently published results which give a slightly different message. McDonald et al. (16) Interspecies comparisons are fraught with difficulty. Even between strains, variations in basic physiological functions make it impossible to draw definitive conclusions when a single parameter is compared. The comparison of rates of uncoupled respiration and ROS production between Fischer rats and C57black/6 mice in the paper by Andrews and Horvath (1) in our view is difficult to interpret for several reasons, the foremost being that Fischer rats do not, in fact, live longer than C57black/6 mice, with 10% survival for the mice actually being slightly higher than that for the rats (19) . Additionally, as it is known that there is strong correlation between metabolic rate per gram of animal and lifespan (12), a relative value, called the longevity quotient, can be calculated to take into account the variance contributed by body size and metabolic rate per gram of animal (12) . The equation is given as LQ ϭ actual/predicted maximum lifespan, where predicted maximum lifespan is calculated by body mass 0.22 (11) . By use of this equation it is possible to identify species that are exceptionally long-lived, such as humans (12) , naked mole rats (6), and short-beaked echidnas (11) , which are more likely to offer unique insights into aging. It would be exceptionally interesting to assess differences in UCP2 levels in mice and naked mole rats, animals which have similar mass and mildly divergent metabolic rates but widely divergent maximum lifespans. Certainly, if anyone is hiding the philosopher's stone with the power to uncouple us from mortality, it could well be these tiny rodents, who have a body mass of just 35 grams but live to an astonishing 28 years.
